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Abstract
In this paper, the study of lung and heart diagnosis application is investigated based on frequency separation of breath sound
frequency. The aim of study is to investigate how to separate and process the breath sound frequency into lung sound frequency 
and heart sound frequency. Since the lung and the heart are the vital organ of human, therefore the needs of immediate preventive 
and curative actions are primarily important. Here, the frequency separation of breath sound is carried out by using the 
modulation filtering method. From the investigation, although the results still need some more improvement, however it shows 
that the method is implementable for the separation of lung sound and heart sound from the breath sounds frequency. It is then 
useful for the development of application for lung and heart diagnosis diseases.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
Malaysia.
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1. Introduction
Based on the report of United Nations agency for international public health, World Health Organization (WHO),
Indonesia is the 3rd country after India and China which has the most number of people infected by tuberculosis
(TB). Unfortunately, the treatment for the disease, i.e. tuberculosis, sometimes needs a bit longer time due to the 
* Corresponding author. Tel.: +62-22-2508135; fax: +62-22-2500940.
E-mail address: sukrisno@informatika.org
Available online at www.sciencedirect.com
 2013 The uthors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
ala sia.
ScienceDirect
1123 Muhammad Sukrisno Mardiyanto et al. /  Procedia Technology  11 ( 2013 )  1122 – 1126 
growth of TB mycobacterium organism is slow in the laboratory environment which takes around 2-3 days for 
sputum culture or blood, and also the transportation cost to bring the sputum or blood from the location of patient to 
the laboratory [1-3]. In case of influenza disease that infects respiratory tract [4-6], a number of Avian Influenza 
(H5N1) cases have occurred in rural areas of Indonesia. Since the case can lead to severe illness or death, the 
detection of H5N1 case especially in rural areas requires a fast and accurate diagnosis action. However due to the 
difficultness in transportation and long distance of the location from some laboratory; the diagnosis action needs 
additional time to be carried out. These problems also happened for other diseases such as the lung diseases and the 
respiratory tract diseases. Usually the diagnosis tool with high accuracy requires a large investment, takes a long 
time for processing and is almost located in urban areas. Whilst, for the fast action, another diagnosis tool which can 
conduct rapid diagnosis test is the most commonly used tool, however it gives less accurate results due to its low
sensitivity and specificity [7].
In this paper, the study of lung and heart diagnosis application to be implemented in the diagnosis tool is 
investigated based on frequency separation of breath sound. The purpose of study is to investigate how to separate 
and process the breath sound frequency into lung sound frequency and heart sound frequency. In the investigation, 
the modulation filtering method is proposed to be applied for the frequency separation of breath sound. Some result 
and discussion related to the method will be presented.
2. Brief overview of modulation filtering method
Numerous researches related to the method for separation and cancellation the heart and lung sound frequencies 
have been investigated in the last decade [8-12]. The recursive least squares adaptive noise cancellation filtering has 
been implemented for heart sound frequency reduction in lung sounds recordings [8]. Whilst in [9-10], the method 
based on the independent component analysis has been successfully to separate the heart sound from the lung sound. 
Difference with the previous methods, the heart sound frequency cancellation has been proposed based on 
multiscale products and linear prediction [11]. In [12] which is adopted in this paper, the method to separate the 
breath sound frequency into the lung and heart frequencies, is approached by applying the modulation filtering.
As shown in Fig. 1, the block diagram of modulation filtering approach is proposed in [12] to blind HS separation 
from LS recordings. Prior to the processing, the breath sound recording is windowed and transformed using Fourier 
transform, for example, to generate the time-frequency response. Here, a term of acoustic frequency is applied to 
distinguish the generated time-frequency response from modulation frequency representation of the signal. Hence, 
the second transformation, i.e. modulation transform, is applied to the temporal trajectory of magnitude component 
of each acoustic frequency signal. The processing step to obtain the spectro–temporal signal representation of the 
breath sound recording is illustrated in Fig. 2. After the processing, the results of modulation spectrum will consist 
of information regarding the rate of signal spectral components.
Fig. 1. Block diagram of modulation filtering approach to blind heart sound (HS) separation from lung sound (LS) recordings.
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Fig. 2. Processing step to obtain spectro–temporal signal Fig. 3. Frequency characteristic of modulation filter
To figure out the process flow, after the breath sound is windowed and transformed, the spectral component is 
considered as s(f, m) where f = 1, ..., N and m = 1, ..., T, denote the short-term spectral component at the fth
frequency bin and mth time step of the short-term analysis. It should be noted that N and T denote total number of 
frequency bands and time steps, respectively. In case of the input is fixed frequency band f = F, so s(F, m) with m =
1, ..., T, represents the Fth band temporal trajectory. Since the modulated spectral component of heart sounds 
typically fall between approximately 2-20 Hz, therefore 2 finite impulse response modulation filters are employed. 
Figure 3 plots the frequency characteristic of modulation filters used in the processing. It shows that the first 
response, i.e. the bandpass filter, has the low and high cut-off frequencies at 1Hz and 20Hz, respectively. Hence, the 
second response is the bandstop filter which has the same cut-off frequencies. In addition, the frequencies above 
20Hz are kept in such away to improve the naturalness of separated signals.
3. Investigation result and discussion
Fig. 4. Sinusoidal signal and power spectrum diagram Fig. 5. Result of modulation frequency at 30Hz-2kHz acoustic frequency
In the investigation, the breath sound is recorded using VR+® of Blackberry cellular phone in the format of *.amr 
file. In order to be able processed using Matlab®, the *.amr recorder file has to be converted into *.wav file. Figure 4 
shows the output of recorded breath sound (in arbitrary scale) for the sinusoidal signal (top) and the power spectrum 
diagram (bottom) after being processed using Matlab® Signal Processing Toolbox (SPT). Next, the Discrete Fourier 
Transform (DFT) is applied to the breath sound signals to obtain the magnitude and phase of signal. To obtain the 
modulation spectral analysis, it is required to conduct the modulation transform from acoustic frequency into 
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modulation frequency (fm). The process of modulation transforming is focused on the breath sound frequency in the 
range of 30Hz–2kHz acoustic frequency. The result of modulation transform (in arbitrary scale) is depicted in Fig. 5 
for modulated breath sound periodic signal (top) and modulated breath sound frequency (bottom).
The output of modulation transform is then processed using Inverse Discrete Fourier Transform (IDFT) to obtain 
the magnitude and phase of heart and lung sound (LS) and heart sound (HS). Next, the output of IDFT module is 
overlapped and added to reconstruct the LS and HS signals. The process is conducted using 2 finite impulse 
response modulation filters which have bandpass and bandstop characteristics. After reconstruction, the output LS 
signal and HS signal (in arbitrary scale) are depicted in Figs. 6 and 7, respectively. Fig. 6, it is shown 3 signals:the 
produced LS signal (bottom) is not yet similar with the recorded LS signal (top), however the intermediary LS 
signal (middle) looks more similar with the recorded LS signal (top). The similar thing also appears in Fig. 7, where 
the produced HS signal (bottom) is not yet similar with the recorded HS signal (top), where the intermediary LS 
signal (middle) looks more similar with the recorded HS signal (top). These problems are probably evoked by the 
last process, the overlap-and-add process, which requires redefinition and more improvement.
Fig. 6. Recorded, intermediary, and produced lung sound (LS) signals        Fig. 7. Recorded, intermediary, and produced heart sound (HS) signals
4. Conclusion
The study of lung and heart diagnosis application using modulation filtering method has been investigated based 
on frequency separation of breath sound frequency. The investigation which has implemented using Matlab® Signal 
Processing Toolbox (SPT) has been applied to process the recorded breath sound from VR+® of Blackberry cellular 
phone. From the investigation result, although the produced lung sound (LS) and heart sound (HS) signals have not 
been yet similar to the recording ones which require redefinition and more improvement, however it has been shown 
that the method was applicable for the separation of lung and heart frequencies from the breath sounds frequency. 
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Therefore, the result will give more advantages in developing application for lung and heart diagnosis diseases in the 
future.
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